Extracted mandibular central and lateral incisors and maxillary central incisors were used in this study. Two examiners independently used Gustafson's method to estimate the ages of the donors of the teeth.
This method was found to be inaccurate when applied to a sample of the adult population of the Western Cape.
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Age estimation is an important part of forensic dentistry. The use of teeth for this purpose can play a significant role in the process of identifying a human body after death, especially in cases where the body is badly burnt or decomposed, as teeth are usually preserved for a long period of time, even after most of the other tissues have disintegrated. Identification is usually undertaken by comparison of ante-mortem and postmortem dental records, when the identity of the deceased is suspected. In some cases, however, when the identity of the body is not known, age estimation can play a significant role in narrowing down possible identities which are culled from the Missing Persons database. 1, 2 Teeth continue to show several different age-related changes, even after the formation and development of the dentition is complete. These changes can be used to estimate the individual's chronological age. The tooth changes used in the Gustafson method (1950) include attrition, change of the level of the periodontal attachment, secondary dentine deposition, resorption of the root, apposition of cementum and translucency of the root. [4] [5] [6] [7] In the past, several different techniques have been suggested for the estimation of a person's dental age, based on the facial and/or oral structures. These include morphological and radiological methods.
Some of the techniques can also be classified as invasive, which can mostly be used only in deceased individuals, and others as non-invasive, which can be used in both the living and the dead. 6 Gustafson's method (1950) used the six age-related changes mentioned above. 7 Gustafson then applied his method to teeth that had been extracted from persons of known age. He used ground sections of 1.0 mm thickness to determine the translucency of the root dentine and ground sections of 0.25 mm thickness to determine the remaining five factors. the individual (from whom the tooth had been extracted) was then used to create a regression line. From this graph, the age of an unknown individual was then determined with reasonable accuracy. 1, 6, 7 According to Gustafson, the average error in age estimation using this technique was about 3.63 years. He then also found that the estimation of an individual's age is even more accurate if more than one tooth from that individual were examined. This study was however done only on Europeans from Sweden. 1, 6, 7 Over the years numerous studies have been conducted in order to either prove or disprove Gustafson's method of age estimation, as several researchers and investigators were convinced that there was an error in this method.
Some of these researchers were of the opinion that Gustafson based his method on several assumptions that were most likely incorrect. [8] [9] [10] He assumed that these six criteria were all equally accurate and effective in the process of age estimation and that the rates at which the individual criteria change are equal, resulting in his method of just adding the data together. [8] [9] [10] Gustafson also assumed that the age information obtained from the six different criteria is statistically independent, which has been shown to be inaccurate. [8] [9] [10] The six criteria used in Gustafson's method of age estimation are also influenced by several different factors (other than aging) and can even have an influence on each other, which Gustafson did not consider. These include the following:
Attrition can be influenced by bruxism, diet, morphology of the teeth and dental arches, the direction and force of masticatory movements and the number of teeth present in the mouth.
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Secondary dentine can be influenced by attrition, abrasion, periodontal disease and mechanical injury or irritation caused by dental procedures and caries. 14 Periodontal attachment level can be influenced by periodontal disease. 13 Cementum apposition can be influenced by periapical periodontitis, root resorption and whether or not the tooth is in function. 13 Root resorption can be influenced by dental trauma, periapical periodontitis, excessive forces including mechanical forces applied by orthodontic appliances and occlusal forces, hormonal imbalances and pressure from impacted teeth or benign neoplasms that press on the roots of adjacent teeth. 13, 14 Translucency can be influenced by periodontal infection and diseases of the pulp of the tooth. 15 As a result of these incorrect assumptions and additional influencing factors, most of the subsequent studies have proved the Gustafson method faulty, and have resulted in several modifications to the original method. 4, 8, [16] [17] [18] [19] Many studies have been performed over the years in order to either prove or disprove this method of age estimation. These were undertaken in several different countries including Sweden (Gustafson, 1950 The Western Cape has a population constituting numerous ethnic groups and cultures. A wide diversity in socio-economic circumstances, eating habits, oral hygiene habits and smoking habits also exist, which can all play a role in the age-related changes of a tooth.
This leads to the question: Is Gustafson's method of age estimation of teeth accurate when applied to the people of the Western Cape?
The aim of this study was to determine the accuracy of Gustafson's method of age estimation of adult teeth when applied to a sample of the adult population of the Western Cape.
Caries-free central and lateral mandibular incisors (FDI tooth numbers 32, 31, 41 and 42) and maxillary central incisors (tooth numbers 11 and 21) were collected from the University of the Western Cape Oral Health Centre at Tygerberg Hospital.
These teeth had been extracted as part of routine dental treatment, which resulted in only a limited number of teeth being available for the study. An additional source of teeth was from cadavers of known chronological age (after dissection by medical students), used in the Anatomy and Histology Department of the Faculty of Medicine and Health Sciences of the University of Stellenbosch. A total of 55 teeth was used to conduct the study. The teeth were from persons between the ages of 21 and 76 years. Carious teeth, restored teeth, endodontically treated teeth and teeth that presented with either crown or root fractures were excluded from the study.
MATERIALS AND METHODS
Details regarding the date of birth, date of death, sex and ethnic group of each cadaver were obtained from the death certificates. The anatomy registration numbers were used to identify the teeth collected from the cadavers. Teeth collected from patients were given random numbers. The teeth were sectioned in the long axis of the tooth (from the labial surface to the lingual surface), using the Isomet circular saw (Figure 1 ). The thickness of each section was standardized at 100μm.
The tooth sections were subsequently mounted on glass microscope slides, embedded in DPX® (from Leica Microsystems) 29 and covered with a glass cover slip ( Figure 2 ).
Age estimation of each tooth was then undertaken independently by two examiners using the Gustafson's method. Using this method, the degree of attrition, change of the level of periodontal attachment, the extent of secondary dentine deposition within the pulp, the apposition of cementum, the resorption of the root and the transparency or translucency of the root were given a value for each tooth.
The range of the values was between 0 and 3, with the value 0 meaning the change is not present, and 3 meaning the change is severe. 1, 6, 7 The regression line compiled by Gustafson was then used to estimate the age of the individual from whom the tooth had been extracted. The examiners were blinded as to the chronological age of the individual from whom the tooth derived.
The chronological age was revealed only at this stage and was compared with the estimated age value. The results of the comparisons were statistically analyzed to determine the degree of accuracy of the Gustafson's method of age estimation.
A total of 55 teeth were used to conduct the study. Of these, 52 had been harvested from cadavers and three teeth extracted from live patients. The age range of the tooth donors was between the ages of 21 and 76 years.
The mean age of the sample was 45 years. Sixteen (16) of the donors were female and 39 were male. Thirty-nine (39) of the donors were of the Coloured ethnic group of the Western Cape, 14 of the Black ethnic group and only two of European origin.
When the estimated ages as calculated by Examiner 1 (using Gustafson's method of age estimation) were compared with the chronological (real) ages of the donors, none were entirely accurate: 16.4% of the cases showed a difference of less than 5 years between the estimated and real ages, 23.6% a difference of between 5 and 10 years, 38.2% a difference between 10 to 20 years and 21.8% showed a difference of more than 20 years (Figure 3 ).
The mean of the differences (average error) between the real and estimated ages (for Examiner 1) was 13.7 years. The median was 13.0 years and the standard deviation was 9.38 years.
When the estimated ages as calculated by Examiner 2 (using Gustafson's method of age estimation) were compared with the chronological (real) ages of the donors, none were entirely accurate: 25.5% of the cases showed a difference of less than 5 years between the estimated and real ages, 21.8% a difference of between 5 and 10 years, 38.2% a difference between 10 to 20 years and 14.5% showed a difference of more than 20 years (Figure 4) . The mean of the differences (average error) between the real and estimated ages (for Examiner 2) was 11.6 years. The median was 10.5 years and the standard deviation was 8.52 years.
When examining the scatter plots ( Figures 5 and 6) showing the difference between the real ages and the estimated ages on the one axis, and the real ages on the other axis, it becomes clear that the ages were overestimated in most cases by both Examiners 1 and 2. The ages were over-estimated in all the cases where the donors were younger than 45 years of age. It is only in donors 45 years of age and older that both Examiners 1 and 2 under-estimated the ages in 10 cases.
Using the Student's t-test and p-value 30, 31 to compare the mean differences between the estimated ages and real ages as found by Examiners 1 and 2, it was established that there was not a statistically significant difference between the results found by Examiners 1 and 2, the p-value being greater than 0.05. Figure 3 . The distribution of the percentages of the sample that shows the differences, in years, between the real and the estimated ages for Examiner 1. 30, 31 to compare the mean differences between the estimated ages and real ages as found by Examiners 1 and 2 with Gustafson, it was established that there was a statistically significant difference between the results found by Examiners 1 and 2 compared with Gustafson, as the p-value < 0.05.
RESULTS
The criteria used in Gustafson's method of age estimation are influenced by several different factors including bruxism, diet, number of teeth present in mouth, oral health and habits, orthodontic and occlusal forces and hormonal imbalances. [11] [12] [13] [14] All these factors that may possibly affect the different criteria, may result in an inaccurate estimated age. As most of the teeth used in this study were harvested from cadavers, it is impossible to know the specific individual's diet, habits, life style and medical history.
These different factors, together with the inaccurate assumptions made by Gustafson, may be the reason why there is such a major difference in this study between the estimated ages calculated by using Gustafson's method of age estimation and the individual's real age. Bajpai, who replicated Gustafson's method of age estimation, excluded all patients with a history of traumatic occlusion, any drug or medical history and those with abnormal teeth or oral habits. As a result, the differences found in the study by Bajpai (2011) between the estimated and real ages were much smaller than the difference found in our study. 32 The mean difference (average error) between the estimated ages and the chronological ages was 13.7 years for Examiner 1 and 11.6 years for Examiner 2, with standard deviations of 9.38 years and 8.52 years respectively. Gustafson claimed that the average error in age estimation using this technique was about 3.63 years. 7 There is clearly a statistically significant difference between the average error claimed by Gustafson and those found in this study (p-value < 0.05). The results found in this study are also different from those found in other similar studies that were recently done by Bajpai (2011) , who found a mean difference of 4.86 years between the estimated and chronological ages and Shrigiriwar and Jadhav (2013) who found a mean difference of ± 4.43 year. 28, 32 This study found that the ages were over-estimated in most cases by both Examiner 1 and 2, especially when the donors were younger than 45 years of age. In donors 45 years of age and older, the ages were under-estimated in ten cases. This is consistent with the results found by Solheim and Sundnes (1980) who found that over-estimation of ages occurred mostly in individuals younger than 40 years and under-estimation in individuals older than 50 years of age. 33 Mandibular central incisors usually erupt between the ages of 6-7 years. Mandibular lateral incisors and maxillary central incisors usually erupt between the ages of 7-8 years. 34 These permanent teeth would have been present in the mouth for the longest period, and would presumably give the most accurate results when used in age estimation.
Other studies have, however, used several different teeth and have obtained much more accurate results than those found in this study. These include studies done by Maples (1978) who used second molars, Monzavi et al. (2003) who used first premolars and Bajpai (2011) who used canines, premolars and incisors (in order of preference). 9, 18, 32 Although the differences between the results found by Examiner 1 and Examiner 2 were not statistically significant (p > 0.05), a method that uses scientific devices to accurately measure the different criteria used in Gustafson's method of age estimation needs to be developed, which may contribute toward even more uniform results.
The limitations of this study included the small sample size and the relatively small demographic area in which the teeth were collected. The small sample size was however due to the very strict exclusion criteria.
The sample size (55 teeth) in this study was larger than the sample originally used by Gustafson (41 teeth) and that used recently by Bajpai (20 teeth). 7, 32 Further studies are therefore necessary which will ideally consist of a larger sample size and a wider demographic area in which the teeth are collected.
The results found support the hypothesis and prove that Gustafson's method of age estimation is not applicable for the adult population of the Western Cape. Gustafson's method of age estimation was derived more than 60 years ago and was based only on Europeans. The present study was undertaken to test the hypothesis that the age estimation of Gustafson was not applicable to the population of the Western Cape.
The results showed that Examiner 1 and Examiner 2 over-estimated the ages of 45 of the 55 individuals. All the cases where the ages were under-estimated were of individuals who were over 45 years of age.
The difference between the results found by Examiner 1 and Examiner 2 were not statistically significant (p > 0.05). The results of the two independent examiners were found to be consistently and uniformly inaccurate when attempting dental age estimation of the sample.
